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IE1 of Autographa californica multicapsid nuclear polyhedrosis virus acts as a transactivator of several viral promoters in insect cells. Transient expression assays indicate that IE1 is involved in the activation of the early promoter he65 in both insect TN-368 and mammalian BHK-21 cell lines. IE1 activation of the he65 promoter was compared with IE1 activation of the early 39K promoter. In contrast to the he65 promoter, the 39K promoter was not inducible by IE1 in BHK-21 cells.
As a large DNA virus with a circular genome of 133 894 bp, Autographa californica multicapsid nuclear polyhedrosis virus (AcMNPV) is characterized by temporally regulated gene expression which can be subdivided into early, late and very late phases of infection (Ayres et al., 1994 ; for review see Blissard & Rohrmann, 1990) . As demonstrated by transient expression studies, the activity of early promoters depends mostly on the presence of viral gene products in addition to host factors. The best known viral transactivator is IE1, which is able to activate several early, late and very late promoters , 1988 Nissen & Friesen, 1989 ; Blissard & Rohrmann, 1991 ; Lu & Carstens, 1993 ; Passarelli & Miller, 1993) . The AcMNPV genome has eight homologous regions (Ayres et al., 1994) containing multiple EcoRI sites which form the centre of imperfect palindromic sequences (Cochran & Faulkner, 1983) . IE1 has been shown to increase the transcription rate of early promoters such as 39K and p35 in the presence of the cis-acting homologous region hr5 Nissen & Friesen, 1989) . In addition to their potential as enhancer elements, it has been suggested that the homologous regions could be viral origins of replication (for review see Kool et al., 1995) .
The activity of the very late promoters is restricted to permissive cells (Carbonell et al., 1985 ; Morris & Miller, 1992) . Early promoter activity can also be observed in non-permissive insect cells (Morris & Miller, 1992) , although it is unexplored in mammalian cells. The interest in baculovirus promoter activity in non-permissive cells pertains to the host range of Author for correspondence : Dagmar Knebel-Mo$ rsdorf.
Fax j49 221 470 5163. e-mail moed!scan.genetik.uni-koeln.de these viruses and thus to safety aspects when using genetically engineered baculoviruses in heterologous systems.
Here, we describe IE1 activation of the he65 promoter in the insect cell line Trichoplusia ni TN-368 (Hink, 1970) . Our interest in the mechanism of IE1 activation led us to the question of whether IE1 also functions as an activator of the he65 promoter in the mammalian BHK-21 cell line (Stoker & Macpherson, 1964 ). This in turn poses the question of how early viral promoters are regulated in mammalian cells. Activation of the he65 promoter was compared with that of the 39K promoter since the latter is one of the best studied viral promoters activated by IE1 in insect cells. The early pe38 promoter is known to be activated exclusively by host factors and therefore was chosen as a control (Krappa & KnebelMo$ rsdorf, 1991) . Fig. 1 . CAT activity of he65 promoter constructs after transfection of TN-368 cells. The he65 promoter constructs were transfected into TN-368 cells by calcium phosphate precipitation with 10 µg of each of the plasmids pHE65-CAT220 (k), pHE65-CAT184 (k) and pBLCAT3 (k), and with 5 µg of the IE1-expressing plasmid (j). TN-368 cells were harvested 45 h after transfection, and cell extracts were tested for CAT activity as described (Krappa et al., 1992) . Levels of 14 C-labelled acetylated chloramphenicol (CAM) were quantified by a bio-imaging analyser system (FUJIX BAS 1000, version 3.0) and the percentage of acetylated CAM is given on top of the autoradiogram. 
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Recently, we observed a delay in early transcription of the he65 gene compared to the major early genes ie1, ie2, pe38 and me53 (Becker & Knebel-Mo$ rsdorf, 1993) . Therefore, transient expression studies were performed to investigate whether he65 promoter activity depends on the presence of IE1. After transfection by calcium phosphate precipitation with 10 µg of a promoter-CAT gene construct and with 5 µg of an IE1-expressing plasmid per 4i10& cells in 60 mm dishes, the potential of IE1 to activate the he65 promoter was analysed in the insect cell line TN-368. The IE1-expressing plasmid was obtained by inserting the ClaI-HindIII fragment of HindIII-G of AcMNPV into pBluescript KS(j). Therefore, pBluescript was used as a negative control for co-transfection experiments ( Fig. 2 b, c) . Plasmid pHE65-CAT220 contains a 220 bp PCRamplified he65 promoter fragment inserted into the construct pBLCAT3 (Luckow & Schu$ tz, 1987) digested with PstI and BglII (Fig. 2 a) . The he65 promoter is flanked by one of the inverted repeats of the homologous region hr4 left at the 5h end and the 5h untranslated region at the 3h end. Plasmid pHE65-CAT184 was built by inserting the blunt-ended fragment EcoRI-StyI of the EcoRI-Q fragment of AcMNPV into the blunted BamHI sites of pBLCAT3 (Fig. 2 a) .
There was an approximate 30-fold increase in CAT expression in TN-368 cells when the plasmid pHE65-CAT220 was co-transfected with the IE1-expressing plasmid (jIE1) compared with either co-transfection with pBluescript (jBS) (Fig. 2 b) or transfected alone (k) (Fig. 1) . In contrast, after transfection of plasmid pHE65-CAT184, which contains only one half of the inverted repeat of hr4 left , there was no change in CAT expression in the presence or absence of IE1 (Fig. 1) . These results indicate that IE1 activates the he65 promoter in TN-368 cells only in the presence of the complete inverted repeat of hr4 left sequences. Similar results were obtained for the early p35 promoter whose transcriptional activity was stimulated in the presence of IE1 and both halves of a 28-mer palindrome of the homologous region hr5 (Rodems & Friesen, 1993) .
To compare the inducibility of the he65 promoter by IE1 in TN-368 cells, we analysed the activity of the 39K promoter. Previous studies demonstrate that the presence of the homologous region hr5 multiplies the IE1 activation substantially, although IE1 is also able to induce the 39K promoter in the absence of hr5 . Choi & Guarino (1995) suggest that the enhancer-independent induction of the 39K promoter may be unspecific, since it refers to the overexpression of IE1 in transfected cells. After co-transfection of p39K-CAT or p39K-CAT300 with the IE1-expressing plasmid, we observed an increase in CAT expression indicating that IE1 activates the 39K promoter in TN-368 cells (Fig. 2 b) . In the absence of IE1, the 39K promoter shows some basal activity (Fig. 2 b) , which is in agreement with previous results (Theilmann & Stewart, 1991) . Two different 39K promoter constructs were used which both lack hr5 sequences. Plasmid p39K-CAT contains the 39K gene whose coding sequences were replaced by the CAT gene . For direct comparison with the he65 promoter constructs, we inserted a 300 bp PCR-amplified 39K promoter sequence, identical to the p39K-CAT construct, into the Pst I\Bgl II sites of pBLCAT3 generating the plasmid p39K-CAT300 (Fig. 2 a) . Early transcriptional initiation at the CAGT motif (Guarino & Smith, 1990 ) was confirmed by primer extension analysis (data not shown).
In five independent experiments, we did not observe significant differences in CAT expression between the 39K constructs, although the level of basal activity showed some variation from one experiment to the other as demonstrated in Fig. 2 (b) .
In summary, the transfection experiments in TN-368 cells indicate IE1 activation of both the he65 and 39K promoters. The he65 promoter fragment that is inducible by IE1 contains one inverted repeat of the homologous region hr4 left .
To investigate the transactivating potential of IE1 in mammalian cells, BHK-21 cells were used for transient expression studies. Since we observed a high variability in reporter gene expression after transfection of these cells by the calcium phosphate precipitation method, we decided to use lipofectamine (Gibco) in transfection experiments. Transfection efficiency is higher with lipofectamine and therefore, a reduced amount of plasmid DNA is required to detect significant levels of reporter gene expression. Transfection experiments were performed with 2 to 6 µg of total plasmid DNA per 2i10& cells. Initially, the reporter and the IE1-expressing plasmids were used in a 2 : 1 ratio, which is the same as that used for TN-368 cells. In addition, a 1 : 1 ratio of plasmids was analysed in BHK-21 cells and no significant increase in reporter gene expression was observed. A total of 2 µg of plasmid DNA with a 1 : 1 ratio was used for further experiments.
In six independent experiments, a 10-to 30-fold increase in CAT expression was observed when plasmid pHE65-CAT220 was transfected with the IE1-expressing plasmid compared with transfection with pBluescript. A representative experiment is shown in Fig. 2 (c) . These results indicate the IE1 activation of the he65 promoter in BHK-21 cells. In contrast, plasmid pHE65-CAT184, which does not have a complete inverted repeat of hr4 left sequences, shows no significant increase in CAT expression after co-transfection with the IE1-expressing plasmid (Fig. 2 c) . Instead, we observed basal activity which sometimes extended the level of the uninduced construct pHE65-CAT220 (Fig. 2 c) .
Activation by IE1 as shown for the he65 promoter was not observed for the 39K promoter constructs (Fig. 2 c) . Most experiments demonstrated weaker CAT expression for p39K-CAT versus p39K-CAT300 plasmids (Fig. 2 c) . Since both constructs differ in their 3h termini, it might be possible that the SV40 3h end in plasmid p39K-CAT300 leads to higher stability of the corresponding transcripts in BHK-21 cells.
As a control, we also tested promoter activities of the early pe38 and the very late p10 genes. CAT expression from BFAI IE1 activation of he65 and 39K promoters IE1 activation of he65 and 39K promoters Early initiation sites are indicated by larger arrows than the late initiation site in the 39K promoter. Construct p39K-CAT corresponds to the plasmid pAc3904 . (b) TN-368 cells were transfected by calcium phosphate precipitation with 10 µg of each of the plasmids p39K-CAT, p39K-CAT300 and pHE65-CAT220, and with 5 µg of either the IE1-expressing plasmid (jIE1) or pBluescript (jBS). (c) BHK-21 cells were transfected by using lipofectamine (Gibco) with 1 µg of each of the plasmids p39K-CAT, p39K-CAT300, pHE65-CAT220, pHE65-CAT184, pPE38-CAT207 (Krappa et al., 1992) , and pAcp10-CAT (Knebel et al., 1985) and with 1 µg of either the IE1-expressing plasmid (jIE1) or pBluescript (jBS). Cells were harvested as indicated in the legend of Fig. 1 .
pPE38-CAT207 (Krappa et al., 1992) was apparent in BHK-21 cells which indicates that mammalian host factors are able to recognize early baculovirus promoters such as pe38 (Fig. 2 c) .
The very late p10 promoter was not active, as expected from previous studies (Knebel & Doerfler, 1987) , even in the presence of IE1 (Fig. 2 c) .
The observation that IE1 activation of the he65 promoter depends on the presence of an inverted repeat of hr4 left sequences suggests a comparable mechanism of IE1 activation in insect and mammalian cells which might involve a direct interaction of IE1 with the inverted repeat. A direct interaction of IE1 with the hr5 sequence is supported by binding studies with the hr5 sequence and IE1 derived from either in vitro translation in rabbit reticulocyte extracts or transiently expressed in transfected insect cells (Choi & Guarino, 1995 ; Rodems & Friesen, 1995) . Nevertheless, the involvement of host factors in vivo cannot be excluded.
The IE1 activation of the 39K promoter in insect cells without a homologous region might be based on an indirect mechanism implying that there is an interaction of IE1 with specific host factors. The idea of IE1 activation by an indirect mechanism is supported by studies on the early gp64 promoter (Blissard et al., 1992) , who conclude that IE1 stimulation in Spodoptera frugiperda cells may depend on the presence of the TATA box. Since the activation of the 39K promoter by IE1 could not be mimicked in BHK-21 cells, it may be that the putative host factors that interact with IE1 are not conserved between TN-368 and BHK-21 cells or that their expression levels differ. A further explanation for the lack of 39K promoter activation by IE1 in BHK-21 cells might be the level of IE1 expression itself. Based on immunofluorescence studies with polyclonal antibodies directed against IE1, we conclude that the level of IE1 expression after transfection is lower in mammalian cells than in TN-368 cells. Therefore, we cannot D. Murges and others D. Murges and others exclude the possibility that higher expression of IE1 under a strong eukaryotic promoter might lead to activation of the 39K promoter in BHK-21 cells.
Our studies emphasize the difference in the response of the early promoters he65 and 39K to IE1 expression. Under the same conditions for both promoters, the he65 promoter without sequences of the homologous region hr4 left could not be activated, while the 39K promoter without a homologous region was activated in TN-368 cells but not in BHK-21 cells. It is worth mentioning that in the AcMNPV genome, the hr4 left region is located just upstream of the he65 5h sequences. In contrast, the 39K promoter is about 45 kbp away from the hr5 region, which was shown to function as an enhancer element. In the presence of an inverted repeat of the homologous region hr4 left , we demonstrated with the early promoter he65 the potential of IE1 to act as a transcriptional activator in BHK-21 cells. Therefore, our experiments support the view that IE1 exhibits different modes of transcriptional activation.
